2016) and offsprings (Aitken, Bennetts, Sawyer, Wiklendt, & King, 2005) . Therefore, there is a wide concern in sustainment of maximized reproductive abilities of mankind as well as of animals.
Whereas in humans is the artificial insemination (AI) used primarily to ensure the conception of couples struggling with natural fertilization (Ombelet & Robays, 2015) , AI in domestic animals is the tool for the intensification of breeding via use of top sires with genetically conditioned improving features (Tirpák, Slanina, Ofúkaný, Lukáč, & Massányi, 2015) . Air transportation thereby plays a necessary role in transfer of biological material such as spermatozoa, ova and embryos (Hendricks, Penfold, Evenson, Kaproth, & Hansen, 2010) . Over the last decades, threats of terrorist activity have lead to tightening of aviation security measures. Wide use of security screening, including metal detectors for mankind check-ups and computed tomography for luggage inspection, became quickly the essential part of airport precautionary steps. However, mentioned security tools are infamously known for its controversial mechanism of action consisting in electromagnetic radiation (Gloor, Winget, & Swanson, 2006; Schwaninger, 2005) .
Electromagnetic radiation (EMR) can be divided into non-ionizing (NIR) and ionizing radiation (IR) based on the amount of deposited energy (Calvente, Fernandez, Villalba, Olea, & Nuñez, 2010) . Ionizing radiation carries sufficient amount of energy to cause liberation of electrons from atoms and molecules, thereby harms living tissue on the molecular level. Even a short exposure to high doses of radiation leads to radiation sickness. Small doses of IR enhance the risk of radiation-induced cancer. Despite its obvious biological effects, IR is frequently used in medicine, for example, cancer treatment and X-rays.
Non-ionizing radiation electromagnetic fields (EMF) are daily present everywhere in the environment and are determined based on their frequency spectrum ranging from 0 to 300 GHz. Non-ionizing radiation is of natural and manmade origin and is defined as EMR unable to cause ionization of atoms or molecules due to the lack of photon energy. On the other hand, NIR causes excitation which may result in heat generation or electrostimulation (Levy, 2006) . Electromagnetic fields with 30-300 Hz frequencies are called extremely low EMF and are emitted by communication systems, power lines, etc. (Gye & Park, 2012; Vijayalaxmi, 2016) . Electromagnetic spectrum from 300 Hz to 300 GHz is known as microwave radiation. Due to its wide use in microwave ovens, wireless communication devices, microwave radiation has become unavoidable in our society (Vijayalaxmi, & Scarfi, 2014) .
Large part of the scientific community claims that only harm of the NIR is heating and refers to NIR as to safe when this energy is kept below the thermal guidelines (Havas, 2017) . The opposing group of scientists declares that division of electromagnetic spectrum was created by physicists and engineers who did not take in consideration biological factors when setting up frequency limits what is eventually proved by numerous studies relating to NIR-induced diseases and dysfunctions. While the IR disrupts chemical bonds and directly damages the DNA, NIR induces reactive oxygen species (ROS) production and thus interferes with natural biological processes resulting in DNA alterations (Blank, 2017; Havas, 2017) and modulation of reproductive functions (Dasdag & Zulkuf, 2016) .
Studies focused on changes of spermatozoa kinetic properties, viability, acrosome status, etc. in response to EMF effects have yielded both positive (Iorio et al., 2011 (Iorio et al., , 2007 Roychoudhury et al., 2009 ) and negative (Agarwal et al., 2009; Bernabò et al., 2007; Gye & Park, 2012) results in dependence on the type and intensity of EMF used in the experiments and on the type of sperm subjected to research.
The aim of the present study, carried out on the bovine spermatozoa, was to evaluate the possible risk of 93 kHz non-ionizing radiation associated with decreased fertilizing properties (sperm motility traits) of fresh and cryopreserved spermatozoa. The outcome of the study might be taken into account by insemination doses (ID) producers in order to reassess the shipping possibilities and therefore reduce the negative effect of NIR.
| MATERIAL S AND ME THODS

| Semen collection and processing
Ejaculates from breeding bulls of Holstein and SimmentalFleckvieh breed (Slovak Biological Services, breeding station in Luzianky, Slovak Republic)-were subjected to this study. Fresh semen was collected from sexually mature bulls and was investigated for the spermatozoa concentration and motility. Ejaculates containing <70% total motility were excluded from the study.
Ejaculates (n = 8) suitable for processing were divided into three aliquots and diluted to final concentration of 20 × 10 6 . While the first aliquot, containing fresh semen and physiological solution (0.9% NaCl) was radiated immediately (samples labelled with FR acronym), the other two were radiated following dilution with cryopreservative medium-before (CB) and after cryoconservation (CA). Cryopreservative medium was prepared by the addition of fresh egg yolks to commercial semen extender Triladyl (Minitube GmbH, Tiefenbach, Germany 
| DNA fragmentation
DNA fragmentation analysis was performed using modified method Afterwards, 1 μl of proteinase K (Thermofisher scientific) was added, and samples were left to undergo lysis overnight at 50°C. Positive controls were treated according to the protocol of Lim et al. (2013) , adding also 5 U DNase I (Thermofisher scientific) for 10 min.
Agarose gel was prepared by dissolving 1.2 g of agarose (SigmaAldrich) in 100 ml of 1× concentrated 40 mM Tris-acetate/1 mM EDTA (Sigma-Aldrich). Subsequently, 7 μl of ethidium bromide (Sigma-Aldrich) was added to cooled agarose solution. Gel was continuously poured into casting tray.
Following the addition of 5 μl of 6 × DNA loading buffer-30% glycerol (Sigma-Aldrich) and 0.25% bromphenol blue (Sigma-Aldrich), DNA samples were loaded to lanes in gel and electrophoresis was run at 5 V/cm for 120 min. GeneRuler 100 bp Plus DNA Ladder.
(Thermofisher scientific) was used as the marker. Separation of samples was observed and captured on UV transilluminator.
| Statistical analysis
For the comparison of the CASA results, with the focus on effects various radiation times, ANOVA and Dunnett's comparative test were applied using GraphPad Prism 5 (GraphPad Software Inc., USA). All statistical tests were carried out at levels of significance at p < 0.05, p < 0.01 and p < 0.001. Sixty minutes of semen cultivation negatively affected also spermatozoa progressive motility. Sample FR15 (63.59%) differed from the control sample (78.23%) on the level of significance p < 0.001 while the difference between FR30 (68.11%) and FR60 (68.22%) and control sample was significant at p < 0.05 (Figure 1 ).
| RE SULTS
Fresh ejaculates exposed to radiation showed surprisingly enhanced velocity parameters in initial measuring period (Figure 2 
| Spermatozoa diluted in cryopreservative medium and radiated prior to cryoconservation
Overall motility, displayed in 
The effect of NIR on motility and progressive motility (%) of cryoconserved bovine semen radiated before freezing. Each bar represents mean (±SD). Outer bars show total motility and inner bars show percentage of progressively motile spermatozoa. If present, statistical significance is shown above the outer bars and progressive motility is displayed in inner bars. The level of significance was set at *p < 0.05; **p < 0.01; ***p < 0.001. CB: semen without radiation; CB10: semen radiated for 10 s; CB1: semen radiated for 1 min; CB5: semen radiated for 5 min
The effect of NIR on velocity average path and velocity straight line (μm/s) of cryoconserved bovine semen radiated before freezing. Each bar represents mean (±SD). Outer bars show overall motility and inner bars show percentage of progressively motile spermatozoa. If present, statistical significance is shown above the outer bars and progressive motility is displayed in inner bars. The level of significance was set at *p < 0.05; **p < 0.01; ***p < 0.001. CB: semen without radiation; CB10-semen radiated for 10 s; CB 1: semen radiated for 1 min; CB5: semen radiated for 5 min
VSL; CB10 (42.88 μm/s) was in positive significant variance with CB (36.61 μm/s) and samples CB1 (38.22 μm/s) and CB5 (38.14 μm/s) "differed from the control non-significantly.
| Spermatozoa diluted in cryopreservative medium and radiated following cryoconservation
Assessments of spermatozoa motility and progressive motility 
| DNA fragmentation
The results of DNA fragmentation assays show that DNA of radia- 
| D ISCUSS I ON
Non-ionizing radiation is ubiquitous what is in close association with increased use of novel technologies. In advance, to maintain the security and avert danger coming out of the public and airport violence, more of this electromagnetic energy is daily applied on humans, animals and other transported objects. Since the transportation of cryopreserved gametes and embryos is nowadays a routine procedure, this kind of biological material is also exposed to radiation with yet not well-known biological effect. Therefore, the main objective of present study was to determine the effect of NIR on following levels: radiation of freshly ejaculated spermatozoa, radiation of ID prior to cryoconservation and ID radiation after cryopreservation.
Freshly ejaculated semen exposed to NIR showed decreased motility and progressive motility after 15 min of post-thawing incubation (p < 0.05) and also in 60 min of interval in dependence with exposure time (Figure 1 ). Concerning velocity parameters (Figure 2 ), experimental samples positively differed from the control
The effect of NIR on motility and progressive motility (%) of cryoconserved bovine semen radiated after freezing. Each bar represents mean (±SD). Outer bars show total motility and inner bars show percentage of progressively motile spermatozoa. If present, statistical significance is shown above the outer bars and progressive motility is displayed in inner bars. The level of significance was set at *p < 0.05; **p < 0.01; ***p < 0.001. CA: semen without radiation; CA10: semen radiated for 10 s; CA1: semen radiated for 1 min; CA5: semen radiated for 5 min during initial time interval with detected significance (p < 0.05 and p < 0.001). On the contrary, negative trend was observed after 30 min. DNA fragmentation was not confirmed (Figure 7 ).
Investigations conducted by Bernabò et al. (2007) refer to NIR as to toxic agent which modifies boar sperm viability and induces spontaneous acrosome reaction. In terms of motion properties, researchers declare significantly decreased motility following 1-, 2-and 4-hr incubation within the EMF what corresponds with present study. Stimulative effect on velocity parameters was confirmed besides the recent study also by Iorio et al. (2007) and Bernabò et al. (2007) . Other research, focused on alterations of human spermatozoa motility, longevity and DNA integrity due to unbalance of reactive oxygen species (ROS) and total content of antioxidants, was conducted by Agarwal et al. (2009) . With respect to motility and viability, the 60 min of exposure to electromagnetic waves produced by cellular telephone in talk mode caused negative outcome. Sperm DNA stayed intact, as demonstrated in our study, despite the radiation-induced ROS production. Effect of NIR on spermatogenesis was thoroughly described in in vivo studies by Aydın et al. (2007) , Dasdag et al. (2015) and Roychoudhury et al. (2009) . Rats exposed to 50 Hz EMF in duration of 1-3 months revealed adverse effect of NIR on cell proliferation and testosterone production. However, spermatozoa motility and morphology were not affected (Aydın et al., 2007) as partly demonstrated in our study. Dasdag et al. (2015) did not record any change in sperm count or in spermatozoa motility after long-term exposure of 2.4 GHz radiofrequency radiation, although monitored increased head defects as well as histological alterations of seminiferous tubules and tunica albuginea in exposed
The effect of NIR on velocity average path and velocity straight line (μm/s) of cryoconserved bovine semen radiated after freezing. Each bar represents mean (±SD). Outer bars show overall motility and inner bars show percentage of progressively motile spermatozoa. If present, statistical significance is shown above the outer bars and progressive motility is displayed in inner bars. The level of significance was set at *p < 0.05; **p < 0.01; ***p < 0.001. CA: fresh semen without radiation; CA10: fresh semen radiated for 10 s; CA1: semen radiated for 1 min; CA5-semen radiated for 5 min Genetic approach of Tateno, Iijima, Nakanishi, Kamiguchi, and Asaka (1998) to human spermatozoa treated with extremely low-frequency EMF (50 Hz) preceding freezing in liquid nitrogen shows insignificant difference in incidence of spermatozoa chromosome aberrations between the control and NIR-treated samples.
Furthermore, frequency of occurrence of structural chromosome abnormalities was same in the treated and control group. Previous study thereby meets the result of DNA fragmentation assay reported in present article in terms of disruption of DNA or DNA repairing mechanisms.
The most remarkable finding of the present study was observed in ID radiated following cryoconservation. As shown in Figure 5 , 60 min of incubation at 37°C resulted in significantly decreased motility in groups CA10 (p < 0.05), CA1 and CA5 (p < 0.001).
Progressive motility was also markedly affected in CA10, CA1 and IDs stored in dry shipper were multiple times exposed to airport security X-ray machines. Mentioned study did not track the sper- Motility and velocity of spermatozoa closely correlate with mitochondrial energy and according to Iorio et al. (2011) EMF mediates stimulation to spermatozoa motion features via increased mitochondrial metabolism rather than via glycolysis. Blank and Soo (2001) propose that extremely low EMF may induce activity of cytochrome c oxidase which helps to establish a transmembrane difference of proton electrochemical potential prior to ATP synthesis. EMF-induced hyperpolarization of mitochondrial membrane may result in enhanced NAD +levels . However, it is necessary to highlight the fact that EMF-induced mitochondrial metabolism of spermatozoa is associated with adequate substrate, preferring pyruvate and lactate before glucose (Iorio et al., 2011) .
With regard to Gye and Park (2012) , it is important to pay attention to free radicals overproduction following EMF exposure. Havas (2017) points out that even less than 300 Hz radiation correlates with enhanced oxidative stress. Agarwal et al. (2009) claim that oxidative stress is linked with reduced spermatozoa motility and viability; and even makes DNA vulnerable to fragmentation.
Spermatozoa DNA damage after previous EMR was not proven in this study. Hendricks et al. (2010) explain the spermatozoa DNA resistance to radiation-induced aberrations arising from the spermatozoa chromatin composition and structure. Spermatozoa contain more protamines than histones, unlike in somatic cells. Sperm DNA is organized into toroids and protamines are cross-linked with disulphide bonds which make the male gametal DNA more stable.
Even though the chromatin damage might be repaired, epigenetic and genetic changes to the original DNA have to be taken into consideration. Offspring produced from irradiated spermatozoa may possess genetic disorders or other health handicaps as the result of male-mediated developmental toxicity (Aitken et al., 2005) .
The negative effect of NIR was demonstrated by the increased heat shock proteins production as a response to human epithelial amnion cells exposed to EMF (Kwee, Raskmark, & Velizarov, 2001 ).
This response occurs across the whole electromagnetic spectrum as well as through relatively low levels that are considered safe F I G U R E 9 DNA fragmentation assay: spermatozoa extended with cryoconservative medium, loaded in straws and radiated after freezing. Positive control-DNA fragmentation induced by coincubation with DNase I; CA: control sample; CA10: sample radiated for 10 s; CA1: sample radiated for 1 min; CA5: sample radiated for 5 min according to the thermal criterion. This trend emphasizes the fact that the scientific community should insist more on cellular stress response than on thermal criterions and spectrum divisions created by not biologically oriented society (Blank, 2017; Havas, 2017) .
In summary, to the date, scientific literature registers very limited amount of studies on effect of EMR and its effect on male reproductive system. Furthermore, effect of NIR in process of cryoconservation has been studied even less. The present study monitors spermatozoa motion properties and DNA integrity after NIR exposure in various exposure times and under different processment techniques. The results signify harmful effects of NIR to bovine spermatozoa. Therefore, the outcome of the research may be applied in formation of new cryoconservation protocols for ID dedicated to airport shipment.
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